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(54) Ink jet recording material and process for producing same 

(57) An ink jet recording material having excellent 
gloss and capable of recording thereon clear ink images 
having a high color density includes a multi-layered ink 
fixing layer, formed on a substrate material and com- 
posed of an outermost ink fixing layer, and one or more 
intermediate ink fixing layers superposed on each other, 
and each includes a binder and a pigment selected from 
silica, aluminosilicate, alumina and zeolite, the pigment 
in each ink fixing layer being in the form of fine second- 
ary particles having an average secondary particles 
size of 1 urn or less and each secondary particle is com- 
posed of a plurality of primary particles agglomerated 
with each other, and the outermost ink fixing layer being 
one formed by a cast-coating procedure using a specu- 
lar casting surface. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to an ink jet recording material having a high gloss and an excellent ink jet 
recording property and to a process for producing the same. 

10 2. Description of the Related Art 

mo021 The recording system using an ink jet printer is advantageous in that the noise level is low recording can be 
IffecTed at ^igh speed' and muKi-coTored images can be easily formed, and thus it is widely 

TTr^lrdZ sheet fo the ink jet recording system, woodfree paper sheet hav.ng an enhanced .nk absorpt.on and 

,ng a calender ^ment to^ surface into contact with a specular surface of a heated casting drum 
STSJ^ET* ZT::Zc:Lon, pressing the wetted coating 'aver onto the specular surface under 
presiure and drying the coating layer to cause the specular surface condition of the casting drum to be transferred to 

ISooT ^JSZSSZZS a surface gloss and a surface smoothness ^ er thanks e f con ven 
£„ai VoatJd and calender-finished paper sheet, and thus an excellent printing effect can be obtained on the cas 
coated Set. Th J ^ Se casl coatedSer sheel is mainly used for high class printings. When the conventional cast- 

fn the Dorosity of the coating layer causes the film-forming property of the coat.ng layer to be decreased. For th.s pur 
pose when Se Intent of L fL-forming materia, in the coating layer is decreased, the gloss of the result coating 

[oooei ^Tiord'ngly, ft is very difficult to simuttaneously make the surface gloss and the ink receiving property of the 

rotr ted T^ ^ - disc, ° sed in japanese unexamined pat r pub,ic r: 

No 7 89 22^thatTc^tcoated paper sheet useful for ink jet recording and having both a high gloss and an excel en 
mk absoSo can bTptoduced by coating a surface of a paper sheet having a recording layer compns.ng as pnnc,pa. 
c^moonem a pigmem and a binder with a coating liquid comprising, as a principal component, a ^polymer produced 
S ooZeSng^nica.i y unsaturated monomers and having a glass transition temperature of 40°C or more, to form 
Jco^rZf^sm; press-contacting the coating .ayer for casting with a heated specular surface of a casting 
drum under pressure whi.e the coating layer is kept in wetted condition; and drying the casted coat.ng .ayer on the spec- 

lized. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide an ink jet recording material having a high gloss and capable 
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of recording thereon ink images with a high clarity and a high color density, and a process for producing the same. 
[0010] The above-mentioned object can be attained by the ink jet recording material, and the process for producing 
the same, of the present invention. 

[0011] The ink jet recording material of the present invention comprises a substrate material and a multi-layered ink 
5 fixing layer formed on a surface of the substrate material and composed of an outermost ink fixing layer and one or 
more intermediate ink fixing layers superposed on each other and each comprising a pigment comprising at least one 
member selected from the group consisting of silica, aluminosilicate, alumina and zeolite, and a binder, 
wherein 

io the pigment in each ink fixing layer is in the form of fine secondary particles having an average secondary particle 
size of 1 u.m or less and each secondary particle is composed of a plurality of primary particles agglomerated with 
each other to form the secondary particle, and 

the outermost ink fixing layer is one formed by a cast-coating procedure. 

T5 [001 2] The process of the present invention for producing the ink jet recording material comprises coating a surface 
of a substrate material with a multi- layered ink fixing layer composed of an outermost ink fixing layer and one or more 
intermediate ink fixing layer superposed on each other and each comprising a pigment comprising at least one member 
selected from the group consisting of silica, aluminosilicate, alumina and zeolite, and a binder, 
wherein 

20 

the pigment for the multi-layered ink fixing layer is in the form of fine secondary particles having an average sec- 
ondary particle size of 1 um or less and each secondary particle is composed of a plurality of primary particles 
agglomerated with each other to form the secondary particle, and 

the outermost ink fixing layer of the multi-layered ink fixing layer is formed by a cast-coating procedure wherein a 
25 layer of a coating composition for the outermost ink fixing layer is brought into contact with a heated specular sur- 

face of a casting drum under pressure, while the coating composition layer is kept in a wetted condition, and drying 
the coating composition layer pressed on the heated specular surface of the casting drum. 

[001 3] In the ink jet recording material of the present invention the pigment contained in each ink fixing layer is pref- 
30 erably silica. 

[0014] In the ink jet recording material of the present invention, at least one undercoat layer comprising a pigment 
and a binder is optionally formed between the substrate material and the multi-layered ink fixing layer. 
[0015] In the ink jet recording material of the present invention, a cationic compound having one or more cationic 
groups per molecule is optionally further contained in at least the outermost ink fixing layer of the multi-layered ink fixing 
35 layer. 

[0016] In the ink jet recording material of the present invention, preferably, the cast-coating procedure for forming 
the outermost ink fixing layer is carried out by bringing a layer of a coating composition for the outermost ink fixing layer 
into contact with a heated specular surface of a casting drum under pressure, while the coating composition layer is 
kept in a wetted condition, and drying the coating composition layer on the heated specular surface of the casting drum. 
40 [0017] In the ink jet recording material of the present invention, preferably, the pigment in the multi-layered ink fixing 
layer is in the form of secondary particles having an average secondary particle size of 1 0 to 500 nm and each second- 
ary particle is composed of a plurality of primary particles having an average primary particle size of 3 to 40 nm and 
agglomerated with each other to form the secondary particle. 

[0018] In the ink jet recording material of the present invention, preferably, the multi-layered ink fixing layer com- 
45 prises an outermost ink fixing layer and an intermediate ink fixing layer located between the substrate material and the 
outermost ink fixing layer, and the outermost and intermediate ink fixing layers respectively contain a cationic com- 
pound having one or more cationic groups per molecule in an amount such that the intermediate ink fixing layer has a 
total content indicated in the units of milli equivalent, of the cationic groups, of 50% or less of the total content indicated 
in the units of milli equivalent, of the cationic groups contained in the outermost ink fixing layer. 
50 [0019] In the ink jet recording material of the present invention, the multi-layered ink fixing layer may comprise an 
outermost ink fixing layer and an intermediate ink fixing layer located between the substrate material and the outermost 
ink fixing layer, and the outermost ink fixing layer may contain a cationic compound, and the intermediate ink fixing layer 
may not contain a cationic compound. 

[0020] In the ink jet recording material of the present invention, preferably, the undercoat layer contains a cationic 
55 compound having one or more cationic groups per molecule, and the total content, in the units of milli equivalent, of the 
cationic groups in the undercoat layer, is 50% or less of the total content, in the units of milli equivalent, of the cationic 
groups in the outermost ink fixing layer. 

[0021] In the ink jet recording material of the present invention, the surface of the outermost ink fixing layer prefer- 



3 



BNSDCCID: <EP 1048479A2_I_> 



10 



15 



20 



EP 1 048 479 A2 

ably has a gloss ai a specular angle of 75 degrees of 30% or more, determined in accordance with JIS P 8142. 
[00221 In the ink jet recording materia, of the present invention, the undercoat layer may not contain a cat.on.c xom- 
pound and at least the outermost ink fixing layer in the mufti-.ayered ink fixing layer may contain a cationc compound. 
^231 In the ink jet recording material of the present invention, the pigment for the undercoat layer preferably com- 
prises at least one member selected from the group consisting of amorphous silica, alum.na and zeol.te. 
[0024] "the tnk jet recording materia! of the present invention, the pigment for the undercoat .aver ,s preferab.y ,n 
the form of secondary particles having a secondary particle size of 1 to 20 urn. B 

00257 m the ink jet recording materia, of the present invention, the undercoat layer optiona.ly further comprises a 
Lomp ex of polymer of at least one monomer having at least one ethy.enica.ly unsaturated bond w.th co loida. silica 
lS I" the ink je, recording materia, of the present invention, in the multi-.ayered ink fixing layer, the binder and 
the Diament are preferably present in a weight ratio of 5: 1 00 to 1 00:1 00. 

00271 In the ink jet recording material of the present invention, in the multi-layered ink fix.ng .ayer, the outermost 
InSng .aye, may contain the binder in a higher proportion, based on the amount of the pigment, than that ,n the ,nter- 

££8? "m'SS'recording materia, of the present invention, the binder for the mufti-.ayered ink fixing .ayer pref- 

S^f; ^T^S^^Lm of the present invention, the polyurethane resin is preferab.y a cationic po.y- 

m03oT e Tn the ink jet recording material of the present invention, the binder for the outermost ink fixing layer prefer- 
ably contains a polymeric material having a glass transrtion temperature of -20°C or more 

m03l7 The process of the present invention, for producing an ink jet recording material, compnses coating a sur- 
face of a substrate material with a multi-layered ink fixing layer composed of an outermost ink fix.ng layer and one or 
more intermediate ink fixing layers superposed on each other and each comprising a pigment compnsing at least one 
member selected from the group consisting of silica, aluminosilicate, alumina and zeolite, and a bmder, 



25 wherein 



the pigment for the multi-.ayered ink fixing layer is in the form of fine secondary particles having an average ^sec- 
ondary particle size of 1 ,m or less and each secondary particle is composed of a plurality of pnmary particles 
aqqlomerated with each other to form a secondary particle, and 
30 the outermost ink fixing layer is formed by a cast-coating procedure wherein a layer of a coating composition for the 
outemlosTmk ixing ta£er fe brought into contact with a heated specular surface of a casting drum under pressure 
She cTaling composition layer is kept in a wetted condition, and drying the coating composition .ayer pressed 
on the heated specular surface of the casting drum. 

35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0032] The substrate materia, usab.e for the ink jet recording materia, of the present invention is not Timtted to a spe- 
cific type of materials, and can be selected from paper sheets including acidic paper sheets and neutrahzed paper 
sheets which are usable for the usual coated paper sheets, and air-permeable plastic resin sheets. 
[00331 The paper sheets usable for the substrate material comprise, as principal components, a wood pulp and 
optionally a pigment. The wood pulp may be selected from various chemica. pulps, mechanica pulps and regenerated 
X The freeness of the wood pulp can be adjusted by a beating (pulping) machine, to control the paper strength and 
the paper-forming property. There is no limitation to the freeness of the pulp for the ^s ubstrate mater- I Usual £ the pulp 
has a freeness (Canadian Standard Freeness, CSF) of 250 to 550 ml. determined ,n accordance w.th JSP 8121. To 
reduce a damage to gears for transporting the recording sheet in the printer, the degree of beating the pulp for the sub- 
stmte material is preferab.y increased, and thus the Canadian Standard Freeness (CSF) of the pulp .1 > P r « ferab * 
dec LTe?Howeve, when the substrate materia, is produced from a pulp having a relatively high CSF. and the resutt- 
ant ecoSng materia, is printed wrth an aqueous ink in an ink jet recording system, the recording matena. usual* exh.b- 
" a h^esistance to co'ck.e due to loca, absorption with the aqueous ink and to Wotting of the printed ,n .mage. The 
freeness of the pulp is preferably in the range of from about 300 to about 500 ml. The pigment ,s contained n the paper 
sheet S the substrate materia, for the purpose of imparting a desired opaqueness to the paper sheet or ■« > — ng 
the ink absorption of the paper sheet to a desired level. The pigment preferably comprises calcium carbonate, calcined 
kao "n sSa zeolrte and/or titanium dioxide. Parncu.ariy, the ca.cined kao.in. silica and zeolite exhibrt a h.gh absorpUon 
of the solvent contained in the ink, and thus are advantageously employed in the paper sheet for the substrate .mater al 
in hfs case the pigment is preferably contained in a content of 1 to 20% by weight ,n the paper sheet. If the content of 
he ptam^Us too high, the resultant paper sheet may exhibit a decreased paper strength, and may damage he record- 
ng sheet-transporting gears mentioned above. Thus, the paper sheet for the substrate material preferably has an ash 
content of 3 to 15% by weight. The paper sheet for the substrate material optionally further compnses an add.t.ve com- 
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prising at least one member selected from, for example, sizing agents, ink-fixing agent, paper strength agents, cationic 
agents, retention aids, dyes, and fluorescent brightening agents. 

[0034] Further, in a size-press procedure in a paper-forming machine, the paper sheet for the substrate material 
may be coated or impregnated with starch, polyvinyl alcohol, or a derivative thereof or a cationic resin, to control the 

5 surface strength and/or sizing degree of the paper sheet. The sizing degree of the paper sheet is preferably 1 to 200 
seconds when the basis weight of the paper sheet is 100 g/m 2 . When the sizing degree is too low, the resultant paper 
sheet may exhibit a low resistance to wrinkling during a coating procedure and may cause an operational difficulty. 
When the sizing degree is too high, the resultant paper sheet may exhibit an unsatisfactory ink absorption and a poor 
resistance to curling and/or cockling due to ink jet printing. More preferably, the sizing degree is in the range of from 4 

io to 120 seconds. There is no limitation to the basis weight of the substrate material. The substrate material preferably 
has a basis weight of about 20 to 400 g/m 2 . 

[0035] In the ink jet recording material of the present invention, a multi-layered ink fixing layer is formed on a sub- 
strate material surface. To enhance the ink absorption capacity and ink absorbing rate of the ink jet recording material, 
preferably an undercoat layer is formed between the substrate material and the multi-layered ink fixing layer. 

15 [0036] The multi-layered ink fixing layer refers to a coating layer mainly for fixing therein a coloring material, namely 
a coloring dye or coloring pigment contained in the ink for the ink jet recording, and the undercoat layer refers to a coat- 
ing layer mainly for rapidly absorbing the liquid medium contained in the ink. However, the roles of the multi-layered ink 
fixing layer and the undercoat layer are not always clearly distinguished from each other. For example, where the 
amount of the ink applied is small, the coloring material of the ink may be fixed only in an outermost ink fixing layer of 

20 the multi-layered ink fixing layer (namely, a surface layer or gloss layer located outermost of the multi-layered ink fixing 
layer); where the amount of the applied ink is large, the coloring material may be fixed not only in the outermost ink fix- 
ing layer but also in the intermediate ink fixing layer or layers located between the outermost ink fixing layer and the 
undercoat layer; and where the amount of the applied ink is very large, a portion of the coloring material in the ink may 
be fixed in the undercoat layer and further in the substrate material. 

25 [0037] The undercoat layer formed on the substrate material comprises as principal components, a pigment and a 
binder. The pigment to be contained in the undercoat layer comprises at least one member selected from inorganic pig- 
ments, for example, kaolin, clay, calcined clay, non-crystalline silica (namely amorphous silica), synthetic non-crystal- 
line silica, zinc oxide, aluminum oxide, aluminum hydroxide, calcium carbonate, satin white, aluminum silicate, alumina, 
colloidal silica, zeolite, synthetic zeolite, sepiolite, smectites, synthetic smectites, magnesium silicate, magnesium car- 

30 bonate, magnesium oxide, diatomaceus earth and hydrotalcite; and synthetic resin pigments, for example, styrene pol- 
ymers, urea resins, and benzoguanamine resins; which are conventional pigments for coated paper sheet production. 
Among the above-mentioned pigments, amorphous silica, alumina and zeolite are preferably employed as principal 
components of the pigment for the undercoat layer, because they have a high ink absorption. 

[0038] The pigment particles usable as a principal component of the pigment for the undercoat layer preferably 
35 have an average particle size (when the individual particles are secondary particles each composed of a plurality of pri- 
mary particles agglomerated with each other, an average secondary (agglomerate) particle size), of about 1 to 20 um, 
more preferably 2 to 10 u.m, still more preferably 3 to 8 |im. When the average particle size is less than 1 jim, the ink 
absorbing rate-enhancing effect of the pigment on the substrate material may be unsatisfactory. When the average par- 
ticle size is more than 20 um, the resultant cast-coated layer formed on the undercoat layer may exhibit unsatisfactory 
to smoothness and gloss. 

[0039] However, the substrate material optionally contains, as an additional component, a pigment having a small 
particle size for the purpose of controlling the ink-absorbing property of the undercoat layer and of restricting a pene- 
tration of a coating composition applied onto the undercoat layer into the undercoat layer. As the pigment usable for the 
above-mentioned purpose, colloidal silica, alumina sol or fine silica particles to be contained in the multi-layered ink fix- 

45 ing layer which will be explained hereinafter. 

[0040] The binder for the undercoat layer preferably contains at least one member selected from proteins, for exam- 
ple, casein, soybean protein and synthetic proteins; starch and various derivatives thereof, for example, oxidized 
starches; polyvinyl alcohol and modified polyvinyl alcohols, for example, cation-modified polyvinyl alcohols and silyl- 
modified polyvinyl alcohols; cellulose derivatives, for example, carboxymethylcellulose and methylcellulose; latices of 

50 conjugated diene polymers, for example, styrene -butadiene copolymers and methyl methacrylate-butadiene copoly- 
mers; and latices of vinyl polymers, for example, arylic polymers and copolymers and ethylene-vinyl acetate copoly- 
mers, which are widely known as binders for conventional coated paper sheets. These binder compounds may be used 
alone or in a combination of two or more thereof. 

[0041] The mixing ratio of the pigment and the binder is variable in response to the types thereof. Usually, the binder 
55 is preferably employed in an amount of 1 to 1 00 parts by weight, more preferably 2 to 50 parts by weight, per 1 00 parts 
by weight of the pigment. The undercoat layer optionally contains one or more additives selected from, for example, dis- 
persing agents, thickening agents, anti-foam agents, anti-static agents and preservatives. The undercoat layer may 
contain a fluorescent brightening agent and/or a coloring material. 

; 
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10042] In the undercoat layer, a cationic compound is optionally contained for the purpose of '^9^'°^ 

roo431 More preferably, the cationic component is contained only in the mu.ti-.ayered ink fixing W P*""*^ 
Ktermost n x ng layer but substantially not in the undercoat .ayer. The undercoat layer substanfally not xoma.n- 
Z h?S compound is allowed to contain a cationic surfactant, as an auxiliary, in a small amount. In the case 
2JE 'tSSLte compound is contained in the multi-layered ink fixing layer, particular in the outermost ,nk f.x.ng laye 
STu^nS n^e undercoat layer, the cast-coated outermost ink fixing layer exhibits an extremely excellent 

m°0441 Preferably the content of the cationic compound in the intermediate ink fixing layer or layers located 
Kn the —st ink fixing layer and the undercoat layer is preferably lower than that ,n the outermost ,n tajo 
lavTr more preferably 50% or less, still more preferably 20% or less, of that in the outermost ,nk f.xmg layer. The ,nter- 
JLrti'at* ink fixino laver or layers may contain substantially no cationic compound. 

m045 w3hTcaflonlc compound is contained only in the outermost ink fixing layer and the undercoat layer and 
^ J iSSw "aver (or layers) are substantially free from the cationic agent, the resultant outermost ink f.x- 

Z lale exhfbl an e remefy IxclTenTglos, A.so, since the coloring materia, in the ink is preferentially fixed in the 

-corded images have a high color density. Further, since the pigment partes 
"IheTnk filing "ayer (or layers) have a particle size of f pm or less and exhibit a high transparency, the .mages f.xed ,n 

thP outermost ink fixing layer exhibit an enhanced color density. « to5 ««H - tn 

he outermos ink g * ^ amount Qf catjonjc groups of the catlonlc compound conta.ned m 

1 . » hl^mf rpcordina material Namely the cation amount is the product of an amount of the cat.onic com- 

ooun Stai ed T^^^^^e cationic groups per molecule thereof wfth the cation intensity of 
M^SS^^TlS!^ intensity refers to the mH.i equivalent of the cation groups per g of the cat,on.c com- 
oound ™* ^cTn 7e determined by a colloid titration method or a flow electric potential method. In the flow e ectnc ^poten- 
rTllthod Tthe dttfereTce in measurement result between individual operators is small and thus th,s method .s 
SlS^fiTSo?^ measurement. The cation intensfty is represented in the units of mul.i equ,va- 
iln*/„ =.nri th,,* the cation amount is represented in the units of milli equivalent per layer. 

00471 ^ enhance me gloss of the ink jet recording material, a colloidal silica, or a polymer res,n prepared by 
Eerizin ^aUea^ne^nomer having a! least ethnically unsaturated bond, or a complex of co..o.dar sH.ca w,th 
aSme resin Produced by polymerizing at least one monomer having at least one ethylen.ca.ly unsaturated bond^ 
mav bTcoSned in the undercoat layer. The reasons for the enhancement in the gloss ,s no completely dear It .s 
r/umedSth "presence of the above-mentioned polymer resin or complex in the undercoat layer causes the pene- 
tration o?I coating cTmpSitton for the multi-layered ink fixing layer applied onto the undercoat layer into the undercoat 
Ser tb L panted or restricted, while the ink absorbing property of the undercoat layer is kept unchanged. A.so^ * . 
Ethat when the outermost ink fixing .ayer is formed by a cast-coating method ^^Te'ZZ^- 
of the polymer or the complex in the undercoat layer contributes to enhancng the release property of the resultant cast 
coated laver from the casting drum, but the reasons for enhancement are not clear. 

roots? Tn polymer resins produced by polymerizing the monomers having the ethy.en,ca.,y ™^J™£ 
ndude polymer produced by polymerizing at least one ethylenically unsaturated monomer selected from acry^te 
SJhSg an^aL. group, a hydroxya.kyl or an epoxidized a.kyl with 1 to 18 carbon atoms, for 
Ste eth7ac^a a e butyl acrylate, 2-ethylhexyl acry.ate. .aury. acrylate. 2-hydroxyethyl acrylate. and gfycdyl achate, 
methacZte elters halg an alky., a hydroxyalkyl or epoxiolzed alky, group with f to 1 8 carbon atoms, or example, 
meth^methacrylate ethyl methacrylate, 2-hydroxyethy. methacrylate, 2-hydroxypropyl methacry.ate and g lycidyl meth- 
TX 7ST^aL^^, vinyl toluene, vinyl chloride, viny.idene ch.oride, vinyl acetate, v.nyl prop.onate, 

Lub^Lion derLLs of the po.ymers and copolymers mentioned above. The substitute denvatives of the po.ymers 
onH ^noivmers include carboxylated and alkali-reactive modified polymers and copolymers. 

Lnsat rateinomer or monomers in the presence of a si.ane coupling agent and a colloidal rtc. ° ^.^R 
hond (R reoresents the polymer component) through which the polymer molecules are bonded w.th the co loidal s.lica 
S es tESym«*Sc« complex is produced by reacting a polymer mod«ied with a s.lano. group w.th 
tTSLkTaSTo form aSi-^R bond (R is as defined above) through which the polymer molecules are bonded w*h 
the colloidal silica particles. 
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[0051] In the polymer/silica complex, the polymer component preferably has a glass transition temperature (Tg) of 
40°C or more, more preferably 50 to 1 00°C. When the Tg is too low, the resultant undercoat layer may exhibit a reduced 
ink-absorbing rate and the ink received in the ink fixing layer may be blotted, probably due to the phenomenon that the 
resultant polymer/silica complex causes the dried undercoat layer to have too dense a film structure. When the Tg of 
5 the polymer/silica complex is more than 40°C, the outermost ink fixing layer formed by the cast-coating procedure may 
exhibit an enhanced release property from the casting drum. 

[0052] Preferably, the coating composition for the undercoat layer comprising the above-mentioned components is 
prepared in a solid content of about 5 to 50% by weight and is coated in a dry solid amount of 2 to 1 00 g/m 2 more pref- 
erably 5 to 50 g/m 2 still more preferably 10 to 20 g/m 2 , on a surface of the substrate material. When the amount of the 

10 undercoat layer is too small, the enhancement effect on the ink absorption property of the undercoat layer may be insuf- 
ficient and the outermost ink fixing layer of the multi-layered ink fixing layer formed on the undercoat layer may exhibit 
an unsatisfactory gloss. When the amount of the undercoat layer is too large, the color density of the ink images may 
be decreased and the coating layers formed on the substrate material may exhibit a poor mechanical strength and thus 
may exhibit a powder-forming phenomenon and a poor resistance to mechanical damage. The coating composition for 

75 the undercoat layer can be coated on the substrate material by a conventional coating apparatus, for example, a blade 
coater, an air knife coater, a roll coater, a brush coater, a champlex coater, a bar coater, a lip coater, a gravure coater, 
a curtain coater , a slot die coater or a slide coater, and dried. Optionally, the dried undercoat layer is subjected to a 
smoothing treatment by a super calender, or by brushing. 

[0053] In the ink jet recording material of the present invention, the substrate material or the undercoat layer formed 
20 on the substrate material is coated with a multi-layered ink fixing layer comprising at least two ink fixing layers super- 
posed on each other, namely an outermost ink fixing layer located outermost of the ink jet recording material and at 
least one intermediate ink fixing layer located between the outermost ink fixing layer and the substrate material or the 
undercoat layer. The multi-layered ink fixing layer contains a binder and a pigment comprising at least one member 
selected from the group consisting of silica, atuminosilicate, alumina and zeolite, which are in the form of fine secondary 
25 particles having an average secondary particle size of 1 urn or less and each secondary particle is composed of a plu- 
rality of primary particles agglomerated with each other to form a secondary particle. 

[0054] The pigment preferably comprises silica and/or aluminosilicate, more preferably silica. The pigments con- 
tained in the outermost ink fixing layer and the intermediate ink fixing layer or layers may be different from each other. 
[0055] In the ink jet recording material of the present invention, at least one intermediate ink fixing layer arranged 
30 between the outermost ink fixing layer and the undercoat layer or the substrate layer contributes to enhancing the uni- 
form absorption of the ink by the multi-layered ink fixing layer, the reduction in ink-blotting, and to forming uniform 
colored images with a high clarity and free from uneven color density. 

[0056] The secondary particles of the pigment contributes to enhancing the uniform ink absorption of the multi- 
colored ink fixing layer. 

35 [0057] The secondary particles of the pigment have an average secondary particle size of 1 jim or less, preferably 
800 nm or less, more preferably 1 0 to 500 nm, still more preferably 1 0 to 300 nm, further preferably 1 5 to 1 50 nm, still 
further preferably 20 to 1 00 nm. 

[0058] Preferably, the primary particles of the pigment, from which the secondary particles are formed, have an 
average primary particle size of 3 nm or more but not more than 40 nm, more preferably 5 to 30 nm, still more preferably 
40 7 to 20 nm. 

[0059] Since the particle size of the pigment is small, the resultant outermost and intermediate ink fixing layers 
exhibit a high transparency and thus fix therein ink images having a very high color density. 

[0060] As an example of the pigment for the multi-layered ink fixing layer, the fine silica particles will be explained 
below. 

45 [0061] There is no limitation to the preparation method of the fine particles of pigment, for example, silica, etc., for 
the each of the ink fixing layers. For example, the fine silica particles can be produced by imparting a strong shearing 
force to particles of synthetic amorphous silica, which are generally available in trade and having a secondary particle 
size of several nm, by mechanical means, to pulverize the particles and to reduce the size of the particles. As the 
mechanical pulverizing means, an ultrasonic homogenizer, a presser type homogenizer, a high speed rotation mill, a 

50 roller mill, a container-driving catalyst mill, a catalyst stirring mill, a jet mill or a sand grinder is employed. The pulverized 
fine silica particles is usually obtained in the state of an aqueous dispersion (slurry or colloidal solution) having a solid 
content of 5 to 20% by weight. 

[0062] In the present invention, the average particle size of the pigment particles is determined by an electron 
microscopic measurement using a SEM or a TEM. In this measurement, an electron microscopic photograph of the pig- 
55 ment particles is taken at a magnification of 10,000 to 400,000; in the photograph, the martin size of the particles 
located in an area of 5 cm x 5 cm is measured, and the data is averaged. This measurement method is disclosed in 
-FINE PARTICLE HANDBOOK", ASAKURA SHOTEN, page 52, 1991. 

[0063] The fine pigment particles, for example, fine silica particles, usable for the multi-layered ink fixing layer have 

J 
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an averace secondary particle size controlled to 1 nm or less, preferably 800 nm or less, more preferably -1 10 to 50C I nm 

may Te Sed and thus the resulLt ink images fixed in on the multi-layered ink fixing layer may be unsat,sfactory ,n 
claritv and color density thereof. 

rps:^^^ 

l.» m^x « SSTSnr ,u.«; Ateo, when ,h, aweae prtmary p.rhoie s,:e ot the , Hn. pit,- 

™m« th.n ao am. the resonant aecond.ty partial., of the pigment (stlic) ma v ha». too large 
meat (»««») parades re more r ^ ^ uns ., it|aclo ^ t „ nspar . n oy. the 

^eTmay !^JLlU transparency, and thus the quality of the ink images fixed there.n may be unsat.sfac- 

LreSne Jex The polyuithane resin is a pofymeric compound produced by a reaction of a poly.socyanate compound 
with ar "aSed hyorogen atom-containing compound, and contains a relative* .arge number of urethane bonds and 

40 nZT'ZZeTno Litation to the polyisocyanate compounds usable for the poyurethane resin. The potyisocy- 
LnTte com^u d Ts preferably selected from aromatic polyisocynanates, for example, trilened, and 
" p hen y rethanediisocyanate y and aliphatic and cyc.oaliphatic polyisocyanates. for example, hexamethy.ene dnsocy- 

^ZtXdrogen atom-containing compounds for producing the potyurethane resir* are genemlly 
45 Zed from £2 compounds having a hydroxy, group and/or an amino group. These compounds may be ^o.y- 
45 selected rrom o g F activated hydrogen atom-containing compounds .nclude, for example, polyesterdi- 

riXerr b and •^SSSTX Jno^ actrvated hydrogen atom-containing compounds inc.ude 
g^oTLCo^s for example, ethylene g.ycol, 1.4-butanediol, and t ,6-hexanediol, and d.am.ne compounds, for 
pxamDle isopropyldiamine and hexamethylenediamine. - Him wi „ hp 

so r00701 The polyurethane resins dispersed or emulsified in the form of fine particles m an aqueous rodm wrt I be 
Ed to as aqueous poiyurethane resins hereinafter. In the aqueous dispersion or emuls.on. the partrcles of the po.y- 
refenedto as aqueous ^ g s disperslon or emu lsion 

-" oidai d,s p ereion ° r a miiky wh,te emu,sion - The aq r u , s 

appears as a clear a *" e °£ ' ^ name| compu | sor ily emulsified resins prepared by compulsonfy 

STSIJSS^ISS and witer-sU.e resins which are soluble in water. Among these types ol aqueous poly- 
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urethane resins, the self-emulsifiable aqueous polyurethane resins having a high gloss-providing property and a high 
water resistance are preferably employed for the multi-layered ink-fixing layer of the present invention. The self-emulsi- 
fiable aqueous polyurethane resins are classified, in response to the type of the hydrophilic groups introduced into the 
molecular chains thereof, into three types, namely, cationic resins (having; tor example, amino groups), anionic resins 

5 (having, for example, carboxyl groups and/or sulfon groups) and nonionic resins (having, for example, polyethylenegty- 
col groups.) Among these aqueous polyurethane resins usable for the outermost ink fixing layer, cationic aqueous poly- 
urethane resins having tertiary amine groups introduced into the molecular chains of the resins and neutralized with 
acid or changed to quaternary ammonium salt groups, are preferably used. When the aqueous polyurethane resins are 
cationic, the resultant casted outermost ink fixing layer exhibits an excellent ink-absorbing property and the resultant ink 

io images fixed thereon exhibit an excellent color density. Also, when the cationic compound is contained as an aqueous 
ink fixing agent in the cast-coated outermost ink fixing layer, the aqueous polyurethane resin exhibits a high compatibil- 
ity with the cationic compound. 

[0071] When the cationic compound is contained in each of the individual ink fixing layers, the binder is preferably 
selected from cationic binders and nonionic binders which causes the resultant coating composition for the ink fixing 

15 layers to exhibit a high storage stability. The binder is preferably contained in an amount of 1 to 200 parts by weight, 
more preferably 5 to 100 parts by weight per 100 parts by weight of the pigment. When the content of the binder is too 
small, the resultant individual ink fixing layer may exhibit an unsatisfactory mechanical strength, the surface of the out- 
ermost ink fixing layer may have a low resistance to mechanical damage, and a powder-forming phenomenon may 
occur on the resultant outermost ink fixing layer. When the content of the binder is too high, the resultant individual ink 

20 fixing layers may have an insufficient ink absorbing property, and thus may exhibit an unsatisfactory ink jet recording 
performance. 

[0072] Particularly, when the content of the binder (per 1 00 parts by weight of the pigment) in the outermost ink fix- 
ing layer is adjusted to a level higher than that in the intermediate ink fixing layer or layers, the resultant outermost ink 
fixing layer may exhibit a good balance between the surface strength and the ink absorbing property thereof. 

25 [0073] Generally, the resin usable as a binder for the cast-coated outermost ink fixing layer preferably has a glass 
transition temperature of -20°C or more, more preferably 40°C or more. This binder resin contributes to enhancing the 
release property of the resultant cast-coated layer from the casting surface of the casting drum and the ink absorbing 
property of the cast-coated layer for the ink of the ink jet printing system. Still more preferably, the glass transition tem- 
perature of the resin is 60°C or more. There is no upper limit for the glass transition temperature of the binder resin. 

30 Usually, the transition temperature of the binder resin is preferably not more than 1 50°C. When the glass transition tem- 
perature is more than 150°C, the resultant cast-coated layer exhibits a further enhanced release property from the cast- 
ing drum surface and a further increased ink absorbing property, but the resultant cast-coated may exhibit a reduced 
gloss, an increased brittleness and a.decreased mechanical strength and thus when the resultant ink jet recording 
material is cut or folded, a large amount of dust may be generated from the recording material or portions of the cast- 
as coated outermost ink fixing layer of the recording material may be lost. Therefore, use of a combination of two binder 
resins different in glass transition temperature from each other in response to the required properties is usually advan- 
tageous. The reasons for this advantage is not clear. It is assumed that when a binder resin having a binder glass tran- 
sition temperature is mixed with a binder resin having a lower glass transition temperature, they do not form a uniform 
mixture structure and form an "islands in a sea" structure in which one of the resins are dispersed in the form of small 

40 islands in a sea (matrix) composed of another one of the resins, and the islands-in-a sea structure of the resin mixture 
contributes to enhancing the binder resins to exhibit the characteristic properties thereof. When two or more binder res- 
ins are used in a mixture thereof, at least one of them preferably has a glass transition temperature of -20°C or more. 
Among various types of binder resins, preferably polyetherpolyurethane resins and polyesterpolyurethane resins are 
employed as a binder for the outermost ink fixing layer. 

45 [0074] Since the coloring material contained in the ink for the ink jet printing is usually anionic, the outermost ink 
fixing layer preferably contains a cationic compound to fix the coloring material in the ink. For this purpose, the cationic 
compound is used in a mixture with the fine particles of a pigment such as silica. When the fine pigment particles are 
fine silica particles, the silica particles are usually anionic and thus when mixed with the cationic compound, the result- 
ant mixture may be coagulated. In this case, in a uniform mixing method, when amorphous silica particles available in 

so the trade and having a secondary particle size of several ujti are pulverized and dispersed by applying a strong 
mechanical shearing force to the particles, the cationic compound is mixed with the amorphous silica particles and they 
are dispersed together before the pulverizing procedure, and then the mixture is subjected to the pulverizing procedure 
using mechanical pulverizing means or in another mixing method, the cationic compound is mixed with the finely pul- 
verized silica secondary particles to cause the resultant mixture to be thickened and coagulated, and then the coagu- 

55 lated mixture is mechanically pulverized and dispersed to control the particle size to a desired value. 

[0075] In the resultant pigment prepared by the above-mentioned methods, a portion of the cationic compound is 
bonded to the pigment particles, and the resultant particles can be dispersed in an aqueous medium with a high stabil- 
ity. Therefore, even when a cationic compound is further added, the resultant aqueous slurry exhibits a high resistance 

J 
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to coagulation. 

r00761 The cationic compounds usable for the present invention include, for example, cationic resins andi mono- 
meric cationic compounds, for example, cationic surfactants. To enhance the color density of the ink .mages f.xed m the 
multi-layered ink fixing layer, preferably the cationic resins are employed in the state of an aqueous solut,on or em to. 
5 The cationic resins are optionally modified with a cross-linking agent into water-insoluble cat.onic organic pigment par- 
ticles The cross-linked cationic organic pigment particles can be prepared by copolymerizing the cat.onic resm with a 
poly-functional cross-linking monomer or by modifying a cationic resin having reactive functional groups, for example, 
hydroxy), carboxyl, amino and/or acetoacetyl group by means of heat or radiation optionally in the presence of a cross- 
linking agent. 

70 [0077] In some cases, the cationic compounds, particularly the cationic res.ns, serve as a binder. 
[0078] The cationic resins include, for example, 

(I) polyalkylenepolyamines for example, poiyethylenepolyamine and polypropylenepolyamine and derivatives 

,5 *(2) acrylic resins having a secondary amino group, a tertiary amino groups and/or a quaternary ammonium group; 

(3) polyvinyl amines and polyvinyl amidines; 

(4) cationic dicyan resins, typically dicyandiamide-formaldehyde poly-condensation products; 

(5) cationic polyamine resins, typically dicyandramide-diethylenetriamine poly-condensation products; 

(6) epichlorohydrin-dimethylamine addition-polymerization products; 
20 (7) dimethyldiallylammonium chloride-S0 2 copolymerization products; 

(8) diallyldramine salt-S0 2 copolymerization products; 

(9) dimethyldiallylammonium chloride-polymerization products; 

(10) allylamine salt-polymerization products; 

(I I) dialkylaminoethyl(meth) acrylate quaternary salt-polymerization products; and 
25 (12) acrylamide-diallylamine salt copolymerization products. 

r00791 The cationic compounds contribute to enhancing the resistance of the fixed ink images to water. In each indi- 
vidual ink fixing layer, the cationic compound is preferably contained in an amount of 1 to 100 parts by weight, more 
preferably 5 to 50 parts by weight per 1 00 parts by weight of the pigment. When the content of the cationic compound 
is too low the resultant color density-enhancing effect for the ink images may be insufficient. When the cationic com- 
pound content is too high, the resultant ink images may exhibit an unsatisfactory color density and a poor resistance .to 
blotting and may be uneven. In most cases, the desired effect of the cationic compound can be obtained by contain ng 
the cationic compound in at least the outermost ink fixing layer of the multi-layered ink fixing layer. However, when he 
amount of the ink applied to the recording material is large or the amount of the outermost ink fixing layer ,s small the 
cationic compound is preferably contained in at least one of the intermediate ink fixing layers, in addition to the outer- 
most ink focmg layer.^ ^ hayjng g specifjcally high effect on the enhancement of the color den- 
sity of the fixed ink images and those exhibiting a high effect on the enhancement of the water resistance, and thus 
should be selected in response to the specific properties thereof and in view of the purpose of use. The cat.onic com- 
pounds may be employed alone or in a combination of two or more thereof. 

m081l When the intermediate ink fixing layer is formed on the substrate material or the undercoat layer, a conven- 
tional coating device, for example, a blade coater. air knife coater, a roll coater, a brush coater, a champlex coater, a bar 
coater a lip coater, a gravure coater, a curtain coater, a slot die coater or a slide coater, can be employed. 
r00821 The total dry solid amount of the intermediate ink fixing layers other than the outermost ink fixing layer is 
preferably 1 to 50 g/m 2 , more preferably 1.5 to 30 g/m 2 When the coating amount is less than 1 g/m*. the ink images 
may be blotted in the ink jet recording procedure, and when it is more than 50 g/m 2 , the resultant fixed ink images may 
have an insufficient color density. When the intermediate ink fixing layers are formed on the undercoat layer, the result- 
ant intermediate ink fixing layer may be the sufficient even in a total amount of about 1 to 1 0 g/m . 
r00831 When the same coating composition as that for the outermost is coated to form the mtermediate ink fix.ng 
aver a conventional coating device, for example, a blade coater. air knife coater, a roll coater, a brush coater. a cham- 
plex coater, a bar coater, a lip coater, a gravure coater, a curtain coater, a slot die coater or a slide coater, can be 

ro084r d ' In the ink jet recording material of the present invention, the outermost ink fixing layer is formed by a cast- 
coating procedure. In the cast-coating procedure, a coating liquid layer is dried on a specular surface of a cast.ng drum 
(a metai drum, a plastic resin drum or a glass drum) or of a metal plate, plastic resin sheet or f.lm, under pressure to 
form a coating layer having a smooth and glossy surface transferred from the specular surface of the casting drum plate, 

[OTO5i° rf "7n the procedure for forming a cast-coated layer by using a specular casting drum, a coating composition 
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(liquid) is coated on a surface of an intermediate ink fixing layer, and the coating composition layer is pressed onto a 
heated specular surface of the casting drum while the coating composition layer is kept in wetted condition, under pres- 
sure, and dried. This method is referred to as a wet casting method. Alternatively, a coating composition (liquid) is 
coated on a surface of the intermediate ink fixing layer, is dried and rewetted with water, and then the rewetred coating 
5 composition layer is pressed onto the heated specular surface of the casting drum under pressure, and dried. This 
method is referred to as a re- wet casting method. 

[0086] The cast-coating procedure can be carried out by directly coating a heated specular casting surface of a 
casting drum with a cast-coating composition, and then, the resultant cast-coating composition layer is pressed onto 
the intermediate ink fixing layer surface on the substrate material under pressure, and dried. This method is referred to 
10 as a pre-casting method. 

[0087] The heated specular surface of the casting drum preferably has a temperature of 40 to 200°C, more prefer- 
ably 70 to 150°C. When the specular surface temperature is less than 40°C, a long time may be required to complete 
the drying of the cast-coated layer, the resultant cast-coated layer surface may exhibit an unsatisfactory gloss, and the 
producibility of the outermost ink fixing layer may be significantly low. When the cast-coating temperature is more than 

15 200°C, the surface of the resultant cast-coated layer may be rough and may exhibit an unsatisfactory gloss. 

[0088] In the cast-coating procedures in which a cast-coating composition for the outermost ink fixing layer is 
coated on an intermediate ink fixing layer, the coating composition layer is pressed onto a heated specular surface of a 
casting drum under pressure, while the coating composition is kept in a wetted condition, and dried on the specular sur- 
face, a procedure for promoting a non-mobility of the coating composition may be applied to the coating composition to 

20 restrict the penetration of the coating composition into the intermediate ink fixing layer. For this procedure, (1 ) a gelati- 
nizing agent is contained in the intermediate ink fixing layer to promote the non-mobility of the cast-coating composition 
for the outermost ink fixing layer; (2) a gelatinizing agent is coated on or impregnated in the intermediate ink fixing layer 
to promote the non-mobility of the cast-coating composition for the outermost ink fixing layer; (3) after the cast-coating 
composition for the undermost ink fixing layer is coated, a gelatinizing agent for promoting the non-mobility of the coat- 

25 ing composition is coated on or impregnated in the coating composition layer; or (4) in the preparation of the cast coat- 
ing composition for the outermost ink fixing layer, a gelatinizing agent capable of promoting the non-mobility of the cast- 
coating composition in the drying step for the cast-coating composition layer is added to the cast-coating composition. 
[0089] As a gelatinizing agent for the cast-coating composition, boric acid, formic acid, salts of these acids, alde- 
hyde compounds and epoxy compounds which serve as cross-linking agents for the binder, can be employed. 

30 [0090] In the above-mentioned cast-coating methods, when the wet casting method is used, keeping the time 
between the coating of the cast-coating composition and the start of drying the cast-coating composition layer pressed 
onto the heated specular casting surface as short as possible contributes to preventing or restricting the penetration of 
the cast-coating composition into the intermediate ink fixing layer and to enhancing the gloss. Also, a procedure in 
which, immediately before the intermediate ink fixing layer comes into contact with the specular casting surface, the 

35 cast-coating composition is applied between a gap between the intermediate ink fixing layer and the specular casting 
surface, and the cast-coating composition stream is immediately pressed between the intermediate ink fixing layer sur- 
face and to specular casting surface, which procedure is referred to as a nip-casting method, is particularly preferred to 
significantly restrict the penetration of the cast-coating composition into the intermediate ink fixing layer and to obtain 
an outermost ink fixing layer, having a high gloss, capable of fixing ink images with a high color density. 

40 [0091] The each individual ink fixing layer optionally contains an additive comprising at least one member selected 
from pigments, anti-foaming agent, coloring materials, fluorescent brightening agents, anti-static agents, preservatives, 
dispersing agents and thickening agents which are usable for conventional coated paper sheets for printing and the 
conventional ink jet recording sheets, to control the whiteness, viscosity and the fluidity of the coating composition. 
[0092] Also, the cast-coating composition for the outermost ink fixing layer preferably contains a release agent to 

45 improve the release property of the dried cast-coated layer from the specular casting surface. 

[0093] The release agent comprises at least one member selected from, for example, higher fatty acid amides, for 
example, stearic acid amide and oleic acid amide; polyolefin waxes, for example, polyethylene waxes, oxidized polyeth- 
ylene waxes and polypropylene waxes; higher fatty acid salts, for example, calcium stearate, zinc stearates, potassium 
oleate and ammonium oleate; lecithin; silicone compounds, for example, silicone oils and silicone waxes and fluorine 

so compounds, for example, polytetra fluoroethylene. In the case where the outermost ink fixing layer contains a cationic 
compound, the release agent is preferably cationic. 

[0094] The release agent is preferably contained in an amount of 0.1 to 50 parts by weight, more preferably 0.3 to 
30 parts by weight, still more preferably 0.5 to 20 parts by weight, per 100 parts by weight of the pigment. If the content 
of the release agent is too low, the release property- imp roving effect may be insufficient, and if the release agent con- 
55 tent is too high, the resultant cast-coated outermost ink fixing layer may exhibit an unsatisfactory gloss and too high a 
ink-repellent property and the fixed ink images may have a unsatisfactory color density. 

[0095] The outermost ink fixing layer is preferably formed in a dry solid weight of 0.1 to 20 g/m 2 , more preferably 
0.2 to 1 0 g/m 2 , still more preferably 0.5 to 5 g/m 2 . If the dry solid weight is less than 0. 1 g/m 2 , a satisfactory gloss of the 
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smoothed by a super calender treatment. annMranrp nn thp ink iet recording material of the 

50% or more, further preferably 65% or more. 
EXAMPLES 

r0 098] The present invention will be further il.ustrated by the following examples which are merely representative 

^mixture of fine s7«a partic.es with a cat.onic compounds were prepared by the procedures as shown below. 
(1) Preparation of a substrate paper sheet 

,0,00, An N u.ou, P u,p S . U r„ con***, ,00 p.*. by we** o. . vood pu.p (LBKR CSF 

a thickness of 180 u.m. 

(2) Preparation of fine silica particles 

30 Pine silica particlesA 

pioi, An a^eous dispersion of synthetic amorphous sinc^ 

Fipp silica particles B 

[0102] An a q ueous dispersion of synthetic amorphous •^S^t^^S^S^K^ 
Pine silica particles C 

unchanged average primary particle size of 1 6 nm, and had a sol.d content of 1 2%. 
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(3) Mixing of fine silica particles with a cationic compound 

[0104] In each of the examples and comparative Examples, the fine silica particles A, B or C were mixed with a cat- 
ionic compound by the following procedures. 

5 [0105] The fine silica particle containing aqueous dispersion was mixed with the cationic compounds. In the result- 
ant mixture, the silica particles were agglomerated to increase the viscosity of the aqueous dispersion. The aqueous 
dispersion was subjected to a pulverizing procedure using a pressure type homogenizer (model: superpressure type 
homogenizer GM-1, made by SMT K.K.) under a pressure of 49.0 MPa (500 kg/cm 2 ) to such an extent that the average 
particle size of the agglomerated silica secondary particles is reduced to the original average secondary particle size. 

10 It was confirmed that during the above-mentioned procedures, no change in the average primary particle size of the sil- 
ica particles occurred. 

Example 1 

15 [0106] A coating composition for an undercoat layer having a dry solid content of 20% by weight was prepared in 
the following composition. 



20 


Coating composition for undercoat layer 
(Dry solid content: 20% by weight) 




Component 


Part by weight 


25 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TO KU YAM A K.K.), 


80 


average secondary particle size: 6.0um 
average primary particle size: 15 nm 






Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), 


20 


30 


average particle size: 1 .5 jim 






Silyl-modified polyvinyl alcohol (trademark: R1 130, made by KURARAY K.K.) 


20 


35 


Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass transi- 
tion temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a weight 
ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified particles of 
80 nm 


40 




Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO KAGAKUKO- 
GYOK.K.) 


2 



40 

[0107] The above-mentioned coating composition was coated on a surface of the substrate paper sheet by using 
an air knife coater and dried to form an undercoat layer having a dry solid weight of 15 g/m 2 . 

[0108] A coating composition having a solid content of 13% by weight for an intermediate ink fixing layer was pre- 
pared in the following composition. 



Coating composition for intermediate ink fixing layer 
(Dry solid content: 13% by weight) 


Component 


Part by weight 


Fine silica particles A 


100 


Diallyldimethylammonium chloride-acrylamide copolymer (cationic compound, trademark: PAS-J- 
81, made by NITTO BOSEKI K.K.) 


10 


Cationic aqueous polyetherpolyurethane resin (trademark: F-8564D, made by DAIICHI KOGYO- 
SEIYAKU K.K.. Tg = 70°C) 


20 
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10109] Also, a coating composition having a dry solid content of 1 0% by weight for an outermost ink fixing layer was 
prepared in the following composition. 



10 



20 



25 



35 



40 



Coating composition for outermost ink fixing layer 
(Dry solid content: 10% by weight) 



Component 



Fine silica particles A 

Diallylmethylammonium chloride-acrylam.de copolymer (cationic compound, trademark: PAS-J- 
81 made by NITTO BOSEKI K.K.) 

Cationic aqueous polyesterpolyurethane resin (trademark: F-8570D, made by DAI.CHI KOGYO- 
SEIYAKU K.K.,Tg = 12°C) 

Release agent (Stearic acid amide) 



Part by weight 



100 
25 

60 



roHOl The undercoat layer-coated substrate paper sheet was subjected to coating procedures using a ^^«"9 
[0110] I ne unaec y ca ^ g specu)ar surface . 

apparatus ^^J^J^^ 1 coate d with the above mentioned coating composition for the inte, 

mill inkling "aye: oy using the air knife coater and dried in the drier to form an intermediate ,nk hx.ng layer hav.ng 

roi7 2 l 0 " d TnTth f e 3 c£g composition for the outermost ink fixing layer was coated on the interrnedi ^ «ng 
usina the roll coater and immediately the resultant coating composition layer was pressed onto the specula 
layer by using the rou coaxer, anu imu r ,ro of mry>r under Dressure and dried to form an outermost 



was obtained. 



Cnm parative Example 1 

[OIW] An ink ie. recording sh.e, «.e produced by me same ptoceduree as in Example 1 with the mining excap- 
ioTl* Tlxe aubamate paper sheet «as coated by the boating composition tot ma undetcoat laye, b, using an ait 

of 5 g/m 2 and a high gloss. 

[01 16] A comparative ink jet recording sheet was obtained. 
45 Com parative Example 2 

101171 An ink id racording shaa. was produced by the same ptocadur.e as in Example 1 wild tha Mowing oxcap. 
roiTm Tha substrate pap.r sba« was coa.ad b, me coating composition for ma^ndetcoa, layer by using an „i. 



weight of 5 g/m 2 and a high gloss. 
[0120] A comparative ink jet recording sheet was obtained. 
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Comparative Example 3 

[0121] An ink jet recording sheet was produced by the same procedures as in Example 1 with the following excep- 
tions. 

5 [0122] The substrate paper sheet was coated by the coating composition for the undercoat layer by using an air 
knife coater and dried, to form an undercoat layer having a dry solid content of 1 5 g/m 2 

[0123] The undercoat layer surface was coated with the same coating composition for the outermost ink fixing layer 
as in Example 1 by using a roll coater, and immediately the resultant coating composition layer was pressed onto a 
heated specular casting surface of a casting drum at a temperature of 120°C under pressure and dried, and the dried 
w cast-coated layer was separated from the specular casting surface. The cast-coated layer had a dry solid weight of 2 
g/m 2 and a high gloss. 

[0124] A comparative ink jet recording sheet was obtained. 
Example 2 

15 

[0125] A high gloss ink jet sheet was produced by the same procedures as in Example 1, except that the casting 
composition for the undercoat layer was prepared in the following composition. 



20 





Coating composition for undercoat layer 
(Dry solid content: 18% by weight) 




Component 


Part by weight 


25 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TO KU YAM A K.K.) 


80 




Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), average particle 


20 




Silyl-modified polyvinyl alcohol (trademark: R1 130, made by KURARAY K.K.) 


20 


30 


Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass transi- 
tion temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a weight 
ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified particles of 
80 nm 


40 


35 


Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO KAGAKUKO- 
GYOK.K.) 


2 




Diallyldimethylammonium chloride-acrylamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 


10 



40 Example 3 



[0126] A high gloss ink jet sheet was produced by the same procedures as in Example 1 , except that in the prepa- 
ration of each of the coating compositions for the intermediate and outermost ink fixing layers, the fine silica particles A 
was replaced by the fine silica particle B. 

45 

Example 4 

[0127] A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 , except that the 
coating compositions for the undercoat layer, the intermediate ink fixing layer and the outermost intermediate layer were 
50 respectively prepared in the following compositions. 



55 



J 
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Coating composition for undercoat layer 
(Dry solid content: 1 7% by weight) 




Component _J 


Part by weight 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TOKUYAMA K.K.) 


80 


average secondary particle size: 6.0 urn 




average primary particle size: 15 nm 


20 


Zeolite (trademark: TOYOBUILDER, made by TOSO K.K ), 


average particle size: 1 .5 urn 

Silyl-modified polyvinyl alcohol (trademark: R1 130, made by KURARAY K.K.) 
Aqueous emulsion of complex of styrene-2-methyihexyl acrylate copolymer having >b g>~ tmn* 
tion temperature of 75°C with colloidal silica having an average part,cle s.ze of 30 nm in a we.ght 
SbTthe copolymer to the co.loida. silica of 40:60, and an average size of emu.srf.ed part-cles of 


20 
40 


80 nm 

Fluorescent brightening agent (trademark: WH.TEX BPSH, made by SUMITOMO KAGAKUKO- 


2 


GYO K.K.) 

Diallyldimethylammonium chloride-acrylanV.de copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 


10 



Coating composition for intermediate ink fixing layer 
(Dry solid content: 1 3% by weight) 




Component 


Part by weight 


Fine silica particles A 

Silyl-modified polyvinyl alcohol (trademark: R1 130 : made by KURARAY K.K.) 


100 
20 



Coating composition for outermost ink fixing layer 
(Dry solid content: 1 0% by weight) 




Component 


Part by weight 


Fine silica particles A 

Silyl-modified polyvinyl alcohol (trademark: R1 130, made by KURARAY K.K.) 
Release agent (Stearic acid amide) 


100 
40 

2 



Example 5 , 



55 



roi281 A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 , except that the 
coating compositions for the undercoat layer was prepared in the following compos,t.ons. 
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Coating composition for undercoat layer 
(Dry solid content: 1 7% by weight) 




Component 


Part by weight 




oyruneiiL. dmorpnous snica ^irauernarK. rii\toiL A-bu, maoe Dy lUKUYAMA K.K.), 


80 


10 


average secondary particle size: 6.0 urn 
average primary particle size: 15 nm 






Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), 


20 




average particle size: 1 .5 um 




15 


Silyl-modified polyvinyl alcohol (trademark: R1 130, made by KURARAY K.K.) 


20 




Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO KAGAKUKO- 
GYO K.K.) 


2 



20 Example 6 



[0129] A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 , except that the 
same coating composition as that for the intermediate ink fixing layer in Example 1 was directly coated on the surface 
of the substrate paper sheet by using an air knife coater without forming the undercoat layer, and dried. The resultant 

25 intermediate ink fixing layer had a dry solid weight of 10 g/m 2 . 

[0130] The same coating composition as that for the outermost ink fixing layer in Example 1 was coated on the 
intermediate ink fixing layer by using a roll coater and immediately the resultant coating composition layer was pressed 
onto a heated specular coating surface of the casting drum at a temperature of 1 00°C under pressure, and dried, and 
the dried outermost ink fixing layer having a dry solid weight of 2 g/m 2 was separated from the specular casing surface. 

30 [0131] A high gloss ink jet recording sheet was obtained. 

Example 7 

[0132] A high gloss ink jet sheet was produced by the same procedures as in Example 1 with the following excep- 
ts tions. In the preparation of each of the coating compositions for the outermost and intermediate ink fixing layers, the fine 
silica particles A were replaced by the fine silica particles C. 

Example 8 

40 [0133] A high gloss ink jet recording sheet was produced in the same manner as in Example 1 except that the com- 
posite sheet produced in the same manner as in Example was subjected to a gloss -control ling procedure using a mat 
super calender. The super calender had four rolls including a first roughening roll, a second elastic roll, a third elastic 
roll and a fourth roughening roll. The first roughening roll surface had a Rmax of 4 to 5 nm and a Rz of 2.5 to 4.0 ujn 
and the fourth roughening roll surface had a Rmax of 6 - 8 jxm and a Rz of 3.5 to 5.0 urn, which Rmax and Rz were 

45 measured in accordance with JIS B 0601 . The surface treatment was applied twice to the composite sheet under a lin- 
ear pressure of the rolls of 294.2 N/cm (30 kg/cm) at a roll surface temperature of 30°C. 
[0134] A gloss-controlled ink jet recording sheet was obtained. 

Comparative Example 4 

50 

[0135] A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 with the follow- 
ing exceptions. 

[0136] After the undercoat layer was formed on the substrate paper sheet in the same manner as in Example 1 , a 
coating composition for a cast-coated layer having the composition shown below was coated in a dry solid amount of 6 
55 g/m 2 on the undercoat layer, and immediately the resultant coating composition layer was pressed onto a heated spec- 
ular casting surface of a casting drum at a surface temperature of 80°C, and dried, and the dried cast-coated layer was 
separated from the casting surface. A comparative high gloss ink jet recording sheet was obtained. 
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Coating composition for cast-coated layer 
(Dry solid content: 25% by weight) 




Component 


Part by weight 


Aqueous emulsion of complex of styrene-2-methylhexyl acry.ate copolymer having a glass trans, 
Son temperature of 75°C with colloidal silica having an average particle s.ze of 30 nm ,n a weigh 
S^SS copolymer to the co.loida. silica of 40:60. and an average size of emu.sif.ed parfc.es of 
80 nm 

Thickening and dispersing agent (alkyl vinylether-maleic acid derivative copolymer) 


100 

5 
3 


RpIp^co aq^nt (Lecithin} _ 




Note* The colloidal silica particles were non-agglomerated primary particles. 


Comparative Example 5 



20 [0137] A high gloss ink jet recording sheet was produced by the same procedures as in Example 1 , except that the 
intermediate and outermost ink fixing layers were omitted. 

[oiMJ Namely, the resultant comparative ink jet recording sheet had no ink hx.ng layer. 



25 



to the following tests. 
30 (1 ) Ink jet recording property 

[0 141] The recording sheets were printed by using an ink jet printer (model: BJC700J, made by CANON K.K.) 

(a) Uniformity of solid print 
classes. 



35 



45 



50 



55 



Class 



4 
3 
2 
1 



Uniformity 



Color density is uniform. Excellent. 
Slight unevenness is found. Good. 

Certain unevenness is found. Practical use is slightly difficult. 
Uneven. Practical use is difficult. 



(b) Ink-drying property 

[0143] The drying property of the solid printed cyan 



-colored and magenta-colored inks superposed on each other 



formed on the recording sheet was evaluated into the following two classes. 
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Class 


Ink-drying property 


2 
l 


Immediate after printing, no staining is found on the finger touched to the solid print. 
Immediate after printing, some staining is found on the finger touched to the solid print. 



10 (c) Color density of ink jet recorded image 

[0144] The color density of a black-colored solid print on the recording sheet was measured by using a Macbeth 
reflection color density tester (model: RD-914). 

15 (2) Gloss 

[0145] A 75° specular gloss of a non-printed portion of the recording sheet was measured in accordance with JIS 
P8142. 

20 (3) Surface strength 

[0146] A front surface of a recording sheet was lightly rubbed five times with a back surface thereof, and the degree 
of damage formed on the front and back surfaces was evaluated into the following three classes. 

25 



Class 


Damage 


3 


Substantially no damage is found. 


2 


Certain damages are found, and practical use is slightly difficult. 


1 


Significant damages are found and practical use is difficult. 



(4) Appearance 

35 

[0147] The appearance of the recording sheet was evaluated, by naked eye observation, into the following four 
classes. 

40 



Class 


Appearance 


4 


Excellent 


3 


Good 


2 


Slightly bad 


1 


Bad 



50 (5) General evaluation 

[0148] The general quality of the recording sheet was evaluated in view of the quality of the ink images and gloss 
and surface strength of the recording sheet, into the following five classes. 

55 

J 
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j Class 


Evaluation 


5 


Very excellent 


4 


Excellent 


3 


Satisfactory 


2 


Slightly unsatisfactory 


1 


Unsatisfactory 



The test results are shown in Table 



Table 1 



30 



35 



V Item 

ExampleV 

Ho. \ 


Ink jet recording 
proper tv * 


75° * 
specular 2 
?Loss 


Surface I 
strength 


VppearancejC 
i 


General 
rvaluation 


Uniformity 3 
of solid c 
print J 


[nk < 
trying < 
property 


3olor < 
donsity 
of ink 
image 9 


1 
2 
3 
4 

Example ^ 
€ 

i 


4 
4 
4 
4 
4 
3 

i 4 
i 4 


2 
2 
2 
2 
2 
2 
2 
2 


2.4 
2.0 
2.2 
1.9 
2.2 
2.2 
1.9 
2.3 


70 
40 
50 
45 
50 
50 
30 
40 


3 
3 
3 
3 
3 
3 
3 

3(*) 1 


4 

3 
3 
3 
4 
3 
2 

3CM, 


5 
4 
4 
4 
5 
4 
3 

4C), 


Compa- 1 
rative : 
Example : 

i 


L 2 

2 4 

3 2 
a 4 

5 2 

6 4 

7 1 


1 

2 
2 
2 
2 
2 
2 


1.9 
2.2 
2.0 
1.4 
1.2 

1 f.o 


50 
40 
30 
70 
5 
5 
7 


3 
1 
1 
3 
3 
3 
3 


2 
2 
2 
3 
1 
1 

.1. 1 


2 
2 
2 
2 
1 
1 
1 



Note: ... very high surface strength 

{ *) 2 ... Good in semi-gloss appearance 
{ *) 3 ... Excellent as semi-gloss recording 



so 
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10150] For Examp.es .1-1 to .1-5. a substrate paper sheet, and fine silica partio.es and a mixture o, fine si.ica parti- 
cles with a cationic compounds were prepared by the procedures as shown below. 

(1) Preparation of a substrate paper sheet 

assist 
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and a thickness of 1 80 fim. 

(2) Preparation of fine silica particles 
5 Fine silica particles A 

[0152] The same as mentioned hereinbefore. 
Fine silica particles B 

10 

[0153] The same as mentioned hereinbefore. 
Fine silica particles C 
is [0154] The same as mentioned hereinbefore. 

(3) Mixing of tine silica particles with a cationic compound 

[0155] In each of the examples 11-1 to II-5, the fine silica particles A, B or C were mixed with a cationic compound 

20 by the following procedures. 

[0156] The fine silica particle-containing aqueous dispersion was mixed with the cationic compound. In the result- 
ant mixture, the silica particles are agglomerated to increase the viscosity of the aqueous dispersion. The resultant 
aqueous dispersion was subjected to a pulverizing procedure using a pressure type homogenizer (model: superpres- 
sure type homogenizer GM-1 , made by SMT K.K.) under a pressure of 49.0 MPa (500 kg/cm 2 ) to such an extent that 

25 the average particle size of the agglomerated silica secondary particles is reduced to the original average secondary 
particle size of. It was confirmed that, during the above-mentioned procedures, no change in the average primary par- 
ticle size of the silica particles occurred. 

Example 11-1 

30 

[0157] A coating composition for an undercoat layer having a dry solid content of 20% by weight was prepared in 
the following composition. 



35 





Coating composition for undercoat layer 
(Dry solid content: 20% by weight) 




Component 


Part by weight 


40 


Synthetic amorphous silica (trademark: FINESIL X-60, made by TOKUYAMA K.K.), 
average secondary particle size: 6.0 jim 
average primary particle size: 15 nm 


80 


45 


Zeolite (trademark: TOYOBUILDER, made by TOSO K.K.), 
average particle size: 1 .5 u.m 


20 




Silyl-modified polyvinyl alcohol (trademark: R1130, made by KURARAY K.K.) 


20 


50 


Aqueous emulsion of complex of styrene-2-methylhexyl acrylate copolymer having a glass transi- 
tion temperature of 75°C with colloidal silica having an average particle size of 30 nm, in a weight 
ratio of the copolymer to the colloidal silica of 40:60, and an average size of emulsified particles of 
80 nm 


40 


55 


Fluorescent brightening agent (trademark: WHITEX BPSH, made by SUMITOMO KAGAKUKO- 

GYO K.K.) 


2 



[0158] The above-mentioned coating composition was coated on a surface of the substrate paper sheet having the 
stockigt sizing degree of 50 seconds by using an air knife coater and dried to form an undercoat layer having a dry solid 

J 
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weight ot 15 g/m 2 . 

[0159] A coating composition having a solid 
pared in the following composition. 



EP 1 048 479 A2 

content of 13% by weight for an intermediate ink fixing layer was pre- 



Coating composition for intermed»ate ink fixing layer 
(Dry solid content: 13% by weight) 




Component 


Part by weight 


Fine silica particles A 

Polyvinyl alcohol (trademark: PVA117, made by KURARAY K.K.) 


100 
15 



[0160] Also, a coating composition having a 
prepared in the following composition. 



dry solid content of 1 0% by weight for an outermost ink fixing layer was 



20 



25 



35 




45 



50 



Fine silica particles A 

D.a^methy.ammon.^ 
made by NITTO BOSEKI K.K.) 

Cationic aqueous po.yesterpo.yurethane resin Tg-modttcation product o« F-8570D, (trademark 
made by DAIICHI KOGYOSEIYAKU K.K., Tg = 50 C 

Re,ease agent (Cation* polygene wax emulsion, trademark: PELTOL N-B56, made by KINDAI 
KAGAKUKOGY O K.K.) — 

weight ol 5 g/m 2 . outermost ink fixing layer was coated on the intermediate ink fixing 

[01621 Then, the coating composrt.on for the outermost mK ™ y ed onto tne specular 

layer by using the roH coater, and immediately ^^^^J^ and d'ried to form an outermost 
casting surface of the casting drum ^^ ^ ^ dL ou™t ink fixing layer was separated from the 

sp^ - « «* *~ A ^ 9,0SS ^ reCOrd ' n9 ^ 

was obtained. 

Fxam ple 11-2 

replaced by the fine silica particles C. 
Exam ple 11-3 



55 
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5 


Coating composition for outermost ink fixing layer 
(Dry solid content: 10% by weight) 




Component 


Part by weight 




Fine silica particles A 


100 


10 


Diallylmethylammonium chloride- acryamide copolymer (cationic compound, trademark: PAS-J-81 , 
cation intensity: 2.9 milli equivalent/g, made by NITTO BOSEKI K.K.) 


25 




Dicyandiamidepolyethylenepolyamine copolymer (cationic compound, trademark: NEDFIX RP-70, 
cation intensity: 2.9 milli equivalent/g, made by NIKKA KAGAKU K.K.) 


10 


15 


Cationic aqueous polyesterpolyurethane resin Tg-modification product of F-8570D, (trademark), 
made by DAIICHI KOGYOSEIYAKU K.K., Tg = 50°C 


60 




Release agent (Polyethylene wax emulsion) 


5 



20 [0165] The fine silica particles and the cationic compound were mixed with each other by the same procedures as 
mentioned above, except that, first, 1 00 parts by weight of the five silica particles A were mixed with 10 parts by weight 
of the cationic compound PAS-J-81 (trademark), and then the resultant mixture was further mixed with the remaining 
cationic components. 

25 Example \VA 

[0166] A high gloss ink jet recording sheet was produced by the same procedures as in Example 11-1 , except that 
the coating composition for the intermediate ink fixing layer was prepared in the following composition. 





Coating composition for intermediate ink fixing layer 
(Dry solid content: 13% by weight) 


35 


Component 


Part by weight 




Fine silica particles A 


100 




Diallylmethylammonium chloride-acryamide copolymer (cationic compound, trademark: PAS-J- 
81 , made by NITTO BOSEKI K.K.) 


15 


40 


Polyvinyl alcohol (trademark: PVA117, made by KURARAY K.K.) 


15 



[0167] In the preparation of the coating composition for the outermost ink fixing layer, the fine silica particles were 
mixed with the cationic components in the same procedures as mentioned above, except that, first, 1 00 parts by weight 
45 of the fine silica particles A were mixed with 10 parts by weight of the cationic compound PAS-J-81 (trademark), and 
then the resultant mixture was further mixed with the remaining cationic components. 

Example II-5 

50 [0168] A high gloss ink jet recording sheet was produced by the same procedures as in Example 11-1 , except that 
the coating composition for the outermost ink fixing layer was prepared in the following composition. 
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9 



15 



20 



Coating composition for outermost ink fixing layer 
(Dry solid content: 10% by weight) 



Component 



Fine silica particles A 
Diallylmethylammo 

cation intensity: 5,9 milli equivalent, made by NITTO BOSEKI K.K.) 

Polyallylamine (trademark: PAA-HCI-3L, made by NITTO BOSEKI K.K.) 

Diaryldimethyi ammonium chloride (trademark: UNISENCE CP91 , made by SENKA K.K.) 

Cationic aqueous poryesterpolyurethane resin T? mo«ad product of F-8570* (trademark), Tg = 

50°C, made by DAIICHI KOGYOSEIYAKU K.K., Tg = 12 C) 

Release agent (Polyethylene wax emulsion _ 



Part by weight 



100 
10 

5 
15 
60 



inkjet printer (model: BJC700J, made by CANON K.K.) 



25 (1) Ink jet recording property 

[0171] The recording sheets were printed by using an 
(a) Uniformity of solid print 

classes. 



35 



45 



Class 



3 
2 
1 



Uniformity 



Color density is uniform. Excellent. 

Certain unevenness is found. Practical use is slightly difficult. 
Uneven. Practical use was difficult. 



(b) Ink-drying property 

[0 173] THe drying property of the soHd printed cyan-cCored and magenta-cdored inks superposed on each other 
Sorted on the recording sheet was evaluated into the following two classes. 



50 



55 



Class 



Ink-drying property 



■ immediate after printing, no stain is found on a finger touched to the solid print. 
,mmediate after printing, some staining is found on a finger touched to the solid print. 



J 
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(c) Color density of ink jet recorded image 

[0174] The color density of a black-colored solid print on the recording sheet was measured by using a Macbeth 
reflection color density tester (model: RD-914). 

(2) Gloss 

[0175] A 75° specular gloss of non-printed portion of the recording sheet was measured in accordance with JIS P 
8142. 

(3) Surface strength 

[0176] A front surface of a recording sheet was lightly rubbed five times with a back surface thereof, and the degree 
of damage formed on the front and back surfaces was evaluated into the following three classes. 



20 



Class 



3 
2 
1 



Damage 



Substantially no damage was found. 

Some damage is found, and practical use is slightly difficult. 
Significant damages was found and practical use is difficult. 



25 (4) Appearance 

[0177] The appearance of the recording sheet was evaluated by the naked eye observation into the following four 
classes. 

30 



35 



Class 


Appearance 


4 


Excellent 


3 


Good 


2 


Slightly bad 


1 


Bad 



(5) Water resistance 



[0178] A droplet of water was dropped on a surface of ink image-fixed portion of a printed recording sheet, and the 
wetted recording sheet was dried. The resistance of the ink images to blotting was evaluated by the naked eye into the 
45 following four classes. 



Class 


Resistance to blotting 


4 


Excellent 


3 


Good 


2 


Slightly unsatisfactory 


1 


Bad 



J 
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(6) General evaluation 

(01791 The genera, qualrty of the recording sheet was evaluated in view of the quality of the ink images and gloss 
and surface strength of the recording sheet, into the following five classes. 



70 



Class 


Evaluaton 


5 


Very excellent 


4 


Excellent 


3 


Satisfactory 


2 


Slightly unsatisfactory 


1 


Unsatisfactory 



[0180] The test results are shown in Table 2. 



20 



25 



30 



FT" Item) 




I 
c 


Example 


\ I 


No. 






II-l 




II-2 


Example 


II-3 




II-4 




II-5 




35 



40 



45 



50 



55 



7^^^'^' «•« — » h,9h — — » clar " y ana u "" >m " y 

even in solid print, at a high production rate with high productiv.ty. 



Claims 



group consisting of silica, aluminosilicate, alumina and zeolite, and a b.nder, 



wherein 



erated with each other to form a secondary particle, and 

the outermost ink fixing layer is one formed by a cast-coating procedure. 

2. The ink jet recording materia, as claimed in claim 1 , wherein the pigment contained in each ink fixing layer is silica. 

3 The ink jet recording material as claimed in claim 1 , wherein at least one undercoat layer comprising a pigment and 
abirlr is formed between the substrate materia, and the multi-layered .nk f.x.ng layer. 
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4. The ink jet recording material as claimed in claim 1 , wherein a cationic compound having one or more cationic 
groups per molecule is further contained in at least the outermost ink fixing layer of the multi-layered ink fixing layer. 

5. The ink jet recording material as claimed in claim 1 , wherein the cast-coating procedure for forming the outermost 
5 ink fixing layer is carried out by bringing a layer of a coating composition for the outermost ink fixing layer into con- 
tact with a heated specular surface of a casting drum under pressure, while the coating composition layer is kept in 
a wetted condition, and drying the coating composition layer on the heated specular surface of the casting drum. 

6. The ink jet recording material as claimed in claim 1 or 2, wherein the pigment in the multi-layered ink fixing layer is 
w in the form of secondary particles having an average secondary particle size of 10 to 500 nm and each secondary 

particle is composed of a plurality of primary particles having an average primary particle size of 3 to 40 nm and 
agglomerated with each other to form a secondary particle. 

7. The ink jet recording material as claimed in claim 1 or 4, wherein the multi-layered ink fixing layer comprises an out- 
15 ermost ink fixing layer and an intermediate ink fixing layer located between the substrate material and the outer- 
most ink fixing layer, and the outermost and intermediate ink fixing layers respectively contain a cationic compound 
having one or more cationic groups per molecule in an amount such that the intermediate ink fixing layer has a total 
content indicated in the units of milli equivalent, of the cationic groups, of 50% or less of the total content indicated 
in the units of milli equivalent, of the cationic groups contained in the outermost ink fixing layer. 

20 

8. The ink jet recording material as claimed in claim 1 or 4, wherein the multi-layered ink fixing layer comprises an out- 
ermost ink fixing layer and an intermediate ink fixing layer located between the substrate material and the outer- 
most ink fixing layer, and the outermost ink fixing layer contains a cationic compound, and the intermediate ink 
fixing layer does not contain a cationic compound. 

25 

9. The ink jet recording material as claimed in claim 3, wherein the undercoat layer contains a cationic compound hav- 
ing one or more cationic groups per molecule, and the total content, in the units of milli equivalent, of the cationic 
groups in the undercoat layer, is 50% or less of the total content, in the units of milli equivalent, of the cationic 
groups in the outermost ink fixing layer. 

30 

10. The ink jet recording material as claimed in claim 1 , wherein the surface of the outermost ink fixing layer has a gloss 
at a specular angle of 75 degrees of 30% or more, determined in accordance with JIS P 8142. 

11. The ink jet recording material as claimed in claim 3, wherein the undercoat layer does not contain a cationic com- 
35 pound and at least the outermost ink fixing layer jn the multi-layered ink fixing layer contains a cationic compound. 

12. The ink jet recording material as claimed in claim 3, wherein the pigment for the undercoat layer comprises at least 
one member selected from the group consisting of amorphous silica, alumina and zeolite. 

40 13. The ink jet recording material as claimed in claim 3 or 1 2, wherein the pigment for the undercoat layer is in the form 
of secondary particles having a secondary particle size of 1 to 20 nm. 

14. The ink jet recording material as claimed in claim 3, wherein the undercoat layer further comprises a complex of a 
polymer of at least one monomer having at least one ethylenically unsaturated bond with colloidal silica. 

45 

15. The ink jet recording material as claimed in claim 1, wherein, in the multi-layered ink fixing layer, the binder and the 
pigment are present in a weight ratio of 5:100 to 100:100. 

16. The ink jet recording material as claimed in claim 1 , wherein, in the multi-layered ink fixing layer, the outermost ink 
so fixing layer contains the binder in a higher proportion, based on the amount of the pigment, than that in the inter- 
mediate ink fixing layers. 

17. The ink jet recording material as claimed in claim 1 , wherein the binder for the multi-layered ink fixing layer com- 
prises a polyurethahe resin. 

55 

18. The ink jet recording material as claimed in claim 17, wherein the polyurethane resin is a cationic polyurethane 
resin. 
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19 . The in* jet recording materia, as claimed , Cairn , , wherein the Under for the outermost in k fixing .ayer contains a 
polymeric material having a glass transition temperature ot -2CTC or more. 

20 . A process tor producing an inK jet recording — , 

gjup consisting of silica, a.uminosi.icate. alumina and zeolite, and a b.nder, 
wherein 

ing drum. 
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(54) Ink jet recording material and process for producing same 

(57) An ink jet recording material having excellent 
gloss and capable of recording thereon clear ink images 
having a high color density includes a multi-layered ink 
fixing layer, formed on a substrate material and com- 
posed of an outermost ink fixing layer, and one or more 
intermediate ink fixing layers superposed on each other, 
and each includes a binder and a pigment selected from 
silica, aluminosilicate, alumina and zeolite, the pigment 
in each ink fixing layer being in the form of fine second- 
ary particles having an average secondary particles 
size of 1 u.m or less and each secondary particle is com- 
posed of a plurality of primary particles agglomerated 
with each other, and the outermost ink fixing layer being 
one formed by a cast-coating procedure using a specu- 
lar casting surface. 
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